The r o l e of chaos and i n s t a b i l i t y in evolution of nonl i n e a r , n o n -s t a t i o n a r y s t e l l a r system have been d i s c u s s e d . l t is p o s s i b l e to d i s t i n g u i s h between t h e only two d i f f e r e n t cases ( i ) s t r o n g l y n o n -s t a t i o n a r y stage when we have the v i olent r e l a x a t i o n accompanied by t h e compulsive mixing (ii) weakly non-stationary s t a t e or q u a s i l i n e a r case, when the quasidiffusion mixing t a k e s p l a c e . In case ( i ) , the chaos and chaotic motion g s t a r s play very important r o l e and in case ( i i ) t h e role of any type of i n s t a b i l i t y i s important.
systems have been scarcely i n v e s t i g a t e d . Nbw i t i s p o s s i b l e to d i s c e r n in a general case only t«o very d i f f e r e n t s t a t e s and two corresponding s t a g e s of the nonstationary evolution: a ) strongly nonlinear nonstationary stage when we have v i ol e n t r e l a x a t i o n [ 4 ] , accompanied by "simulated mixing" [ 1 , 2 ] ; in t h i s case the chaos and chaotic motions of s t a r s play a very important r o l e , (b) weakly nonstationary s t a t e or quasil i n e a r case, when "quasidiffusion mixing" [ 2 ] t a k e s place; in t h i s case any types of i n s t a b i l i t y play an important r o l e . We think t h e r e must be a t l e a s t one more intermediate s t a t e between these two s t a t e s , (c) with a moderate degree of nonstat i o n a r i t y . In t h i s case i t i s hard to p r e d i c t exactly the corresponding kind of phase mixing, ftjwever, i t i s evident that here the Lynden-Bell's s t a t i s t i c s and h i s d i s t r i b u t i o n function a r e absolutely invalid ( t h i s d i s t r i b u t i o n function and the s t a t i s t i c s do not occur in some r e a l strongly n o n l inear nonstationary s t a t e s , even in case (a) (see a r t i c l e s of A.M.Fridman e t c . (1983, 1989) ). If r e l a x a t i o n due to the compulsive mixing t a k e s p l a c e in t h e f i e l d of regular forces of t h e whol e system, then at the moderate nonstationary s t a t e for the r e l a x a t i o n process s m a l l -s c a l e i n t e r a c t i o n s of various massive c o l l e c t i v e formations with s t a r s and t h e i r streams a r e important a s w e l l . Therefore, the corresponding kind of mixing (in the case ( c ) ) may be conveniently c a l l e d , for examp l e , a s a semiforced one (or a moderate mixing). A d e t a i l e d research of phase mixing mechanisms and the a n a l y s i s of the r o l e of i n s t a b i l i t i e s r e q u i r e s numerical c a l c u l a t i o n s and building of phase models of non-stationary systems.
. CHAOTIC PHENOMENA IN THE PHASE-SPACE
The g r a v i t a t i o n f i e l d in strongly nonstationary s t e l l a r system i s abruptly changing not only in time, but also in space with a varying gradient to lead to t h e simulated mixing in phase space. T h e r e f o r e , s t a r s which are born in t h i s process a r e feeling "push" and are moving c h a o t i c a l l y . If we take some element of t h e phase volume, the simulated mixing gives r i s e to s t a t i s t i c a l s t r e t c h of t h i s element by t h e exponential law. This process reminds of t h e c l a s s i c a l problem of mapping the N-dimensional sphere i t s e l f . The mechanism of s t a t i s t i c a l s t r e t c h can be simulated as follows. Let the impact on the phase element at time t be described by t h e matrix M n , where n = t / x , T being t h e mean time i n t e r v a l , within which two successive impacts can be considered to be random. Then the degree of t h e phase e lement s t r e t c h at time t i s characterized by the eigenvalues of t h e matrix where M^ are random m a t r i c e s . Indeed,if in the i n i t i a l s t a t e t h e r e i s a sphere
then a f t e r t h e f i r s t impact we have Q 1 = M^q. Substituting q = MJ CU into ( 2 ) , we o b t a i n q^M j y 1 q x -1,
where the symbol T means matrix t r a n s p o s i t i o n . This i s the equation of e l l i p s o i d , hence, i t s semi-axes a r e characterized by eigenvalues of t h e matrix NL and so on.
That i s why we have done numerical simulation to observe an asymptotic behaviour of t h e product of t h e random matrix R n , making use of t h e generator of random numbers, lying in the i n t e r v a l ( 0 , 
Then t h e volume of t h e i n i t i a l system i s c o n s t a n t , d e s p i t e of t h e strong deformation. Let u s denote eigenvalues of t h e matrix M n via A , (j = 1 , 2 , . . ) and i , > * " > . . . > X , n nj n i n^ ny where u i s dimension of t h e system. Then t h e values ^ni m \ ^n i^n i + l *
define the r a t e of the volume s t r e t c h in time. To determine s t a t i s t i c a l c h a r a c t e r i s t i c s of t h e process we need to repeat the c a l c u l a t i o n of n . a l o t of times and to average over the number of r e a l i z a t i o n s v. We c a l c u l a t e d t h e value of n . and i t s d i s p e r s i o n o.(n) over v for each n for various values of p = 2,4,6 (u = 2 i s the model of a homogeneous plane layer of f i n i t e t h i c k n e s s t h a t o s c i l l a t e s in the z -d i r e c t i o n ; u = 4 i s t h e model of a disk o s c i l l a t i n g in the plane (xy); u = 6 i s a spherical model being t h e most complicated case for c a l c u l a t i o n ) .
According to our c a l c u l a t i o n s t h e curve o.(n) shows, a t the beginning, chaotic o s c i l l a t i o n s lacking r e l a x a t i o n . Here [ 2 ] . Here any i n s t a b i l i t y can t u r n t h e e v o l u t i o n t o q u i t e a new b r a n c h t o a c t i v a t e s t r o n g l y q u a s i d i f f u s i o n . W h i l e f o r f o r c e d mixing t h e d i s t a n c e between two p o i n t s i n t h e p ha s e space i n c r e a s e s e x p o n e n t i a l l y , t h e n f o r q u a s i d i f f u s i o n i t i n c r e a s e s by t h e power l a w .
n t i a l l y from t h e l a w ( -1 / 2 ) . But a l l t h i s , a s well a s t h e q u e s t i o n on a s p e c i f i c a p p l i c a t i o n of t h e r e s u l t s t o r e a l o b j e c t s i s t h e t o p i c o f a s e p a r a t e e x a m i n a t i o n . F i n a l l y n o t e t h a t t h e method proposed h e r e i s i n p r i nc i p l e t h e e x t e n s i o n t o t h e m u l t i d i m e n s i o n a l c a s e of t h e t r an s f o r m a t i o n o v e r t h e a n g l e 0 = $ (0 _ 1 ) , t h a t was c 6 n s i d e red i n Ref. [ 5 ] in t h e o n e -d i m e n s i o n a l v e r s i o n f o r o t h e r p r oblems. We do c o n s i d e r t h e v e c t o r t r a n s f o r m a t i o n , but a s t o ch a s t i c c h a r a c t e r of t h e p h y s i c a l p r o c e s s i s a s s o c i a t e d w i t h c o l l i s i o n l e s s r e l a x a t i o n . In f a c t , t h e i n t e r a c t i o n of l a r g es c a l e c o n d e n s a t i o n s o r d e n s i t y waves t h e m s e l v e s and w i t h each o t h e r was well a s o t h e r n o n s t a t i o n a r y p r o c e s s e s t a k e p l a c e .

. THE QUASIDIFFUSION MIXING In t h e c a s e when n o n s t a t i o n a r i t y of t h e s t e l l a r system i s weak, r e l a x a t i o n g e n e r a l l y p r o c e e d s due t o q u a s i d i f f u s i o n mixing
Our c a l c u l a t i o n s show t h a t t h e p e r i o d i c n a t u r e of t h e p e r t u r b e d f o r
c e f r e q u e n t l y l e a d s t o a r e s o n a n c e phenomenon. Indeed, expanding t h e p e r t u r b a t i o n p o t e n t i a l U ( r , t ) -U ( r ) + I e k i|». (r ) c o s ( k w t ) 
o k K (e i s t h e p e r t u r b a t i o n a m p l i t u d e and e << 1 ) , from t h e e v ol u t i o n e q u a t i o n for v ( r , t ) [ 6 ] one can f i n d t h e c o r r e s p o n ding unknown f u n c t i o n s w . ( r , t ) f o r p r e s e t U ( r ) and iK ( r ) .
K O K
Then when c e r t a i n r e s o n a n c e r e l a
t i o n s s i m i l a r t o t h e d i r e c t Landau dampling a r e m e t , q u a s i d i f f u s i o n w. ^ t o c c u r s . N o t e , that if t h e r o t a t i o n of t h e i n i t i a l model i s taken into a c count, t h e d i r e c t Landau damping during resonance can be r e -
placed by t h e r e v e r s e damping in some c a s e s . Quasidif fusion i s o p t i o n a l l y associated with resonances, since we can consider t h e effect of more or l e s s random p e rt u r b a t i o n s of small amplitudes almost in a similar way. Moreover, quasidiffusion occurs due to t h e i n t e r a c t i o n of i n d i v idual s t a r s with d i f f e r e n t s t e l l a r or gas condensations. The role of such condensations may be played not only by material o b j e c t s , but also by d e n s i t y waves. The nature of condensations i s not important for u s . The r e s u l t s of exact c a lc u l a t i o n s for d i f f e r e n t condensations will be published e l s ewhere.
. NONSTATIONARY MODELS INSTABILITIES
One of t h e most i n t e r e s t i n g problems i s that of building exact nonequilibrium models of nonstationary s t e l l a r systems, finding t h e i r phase space d e n s i t y . This trend in the i n v e s t i g a t i o n s i s p a r t i c u l a r l y necessary for t h e study of moderate nonstationary s t a t e s and discovery of new kinds of i n s t a b i l i t y occuring due to i n i t i a l n o n s t a t i o n a r i t y . This leads us to t h e solution of t h e problem on the s t a b i l ity of a nonequilibrium s t a t e .
At present we have constructed, for example, t h e f o l lowing nonlinearly p u l s a t i n g models: a) a p u l s a t i n g version of t h e equilibrium model of t h e Einstein sphere [ 7 , 8 ] 8 7 ) , Dynamics of grav i t . s y s t e m s and methods of a n a l y t i c C e l e s t i a l Mechanics, Nauka, Alma-Ata, p . 6 5 . 
